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Abstract 
 
 Water purification is of extreme importance worldwide. P-nitrophenol was 
used as a test chemical to design and test an organoclay for the removal of p-
nitrophenol from an aqueous solution.  Synthesis of the organoclay with 
methyltrioctadecylammonium bromide [CH3(CH2)17]3NBr(CH3) labeled as MTOAB 
results in multiple expansions of the montmorillonite clay from 1.24 nm to a 
maximum of 5.20 nm as is evidenced by the XRD patterns.  Thermal analysis shows 
strong bonding of the surfactant to the clay siloxane layers and the interaction of the 
p-nitrophenol with the clay surfaces. It is proposed that the p-nitrophenol penetrates 
the siloxane layer of the clay and bonds through the ditrigonal space of the siloxane 
hexagonal units to the inner OH units.  Such a concept is supported by the observation 
of an additional infrared bands at 3652 cm-1 for the organoclay.  Shifts in the p-
nitrophenol OH stretching vibrations mean a strong interaction of the p-nitrophenol 
molecule. Significant changes in the siloxane stretching bands are also observed.   
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Introduction: 
 
 The formation of organoclays has been known for more than fifty years [1-3].  
Interestingly some studies were undertaken with both montmorillonite clays and 
hectorites [4]. Later studies reported the use of organoclays as adsorbents [5-7].  
Many authors reported the application of organoclays for the control of pollutants and 
their effective removal from solution [8-11]. Other authors reported the use of 
organoclays for purifying water [12-15].  More recent studies have focused on the 
structure and characterization of organoclays [16-20].  Various organoclays have been 
synthesized using a range of surfactants, including single and dual cationic surfactants, 
anionic-cationic surfactants and nonionic surfactants [21-24]. 
 
 The synthesis of organoclays with trialkyl ammonium compounds has been 
limited. It is probable that increased adsorption may occur with increased number of 
alkyl chains. The aim of this research is to study the structure of an organoclay 
formed with the trialkyl surfactant methyltrioctadecylammonium bromide 
[CH3(CH2)17]3NBr(CH3) labeled as MTOAB and to understand the  adsorption of p-
nitrophenol on this organoclay. In this study, p-nitrophenol was chosen as a model 
pollutant.   
 
 
Experimental: 
 
Materials 
 
Montmorillonite (Na0.053Ca0.176Mg0.1•nH2O)[Al1.58Fe0.03Mg0.39][Si3.77Al0.23]O10(OH)2 
used was primarily Ca-Mt from Neimeng, China. The montmorillonite was cation 
exchanged with sodium ions by repeated reaction with sodium carbonate. In this way 
Ca2+ ions are replaced by ion exchange with Na+ ions. At least six exchanges were 
undertaken. Its cation exchange capacity (CEC) is 90.8meq/100g as determined by 
extraction with ammonium acetate and colorimetric methods. The p-nitrophenol and 
methyltrioctadecylammonium bromide [CH3(CH2)17]3NBr(CH3) labeled as MTOAB 
were of analytical grade chemical reagents. The aqueous solubility of p-nitrophenol is 
1.6×104 mg/L at 25 °C.  The surfactant used was. 
 
 
Preparation of the organoclay 
 
The syntheses of surfactant-clay hybrids were undertaken by each of the following 
procedure: The pure Ca-Mt was added into Na2CO3 solution, stirred for 3h with 
800rpm and drops of HCl were added into the suspension to dissolve the CO32-. Then 
the suspension was washed several times with deionized water until it was chloride 
free and dried at 108°C. Such a treated montmorillonite is designated as Na-Mt.  The 
clarifying surfactant solution was obtained when certain amounts MTOAB were 
added into hot distilled water. Then certain amounts Na-Mt were added into the above 
mentioned solution and the mixtures were stirred slightly in order to avoid the yield of 
spume in an 80 °C water bath for 2h. The water/ Na-Mt mass ratio is 10. Then the 
suspension was subsequently washed with distilled water for 4 times. The moist solid 
material was dried at 60°C and ground with a mortar. The different amounts of 
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[MTOA]+ pillared montmorillonites were identified by 0.2CEC-Mt, 0.6CEC-Mt, 
1.0CEC-Mt, 1.2CEC-Mt, 1.5CEC-Mt, and 1.7CEC-Mt. 
 
Adsorption of the p-nitrophenol on the organoclay 
 
 
A total of 0.2g of different type montmorillonites were combined with 30mL 
of a range of concentrations of p-nitrophenol solution whose initial pH value is about 
5.0 in 50mL Erlenmeyer flasks with glass caps.  A range of concentrations from 100 
mg/L to 8000 mg/L were used for the adsorption of p-nitrophenol. The flasks were 
shaken for different time intervals at specific temperatures at 150rpm. After being 
centrifuged at 3500rpm for 10 minutes, the p-nitrophenol concentration in the aqueous 
phase was determined by a UV-260 spectrophotometer at 317nm, the detection limits 
being 0.05mg/L. The losses of the p-nitrophenol by both photochemical 
decomposition and volatilization were found to be negligible during adsorption [25]. 
 
Characterization methods 
 
Thermogravimetric analysis 
 
Thermogravimetric analyses of the surfactant modified montmorillonite hybrids 
were obtained using a TA Instruments Inc. Q500 high-resolution TGA operating at 
ramp 5 °C /min with high resolution from room temperature to 1000 °C in a high-
purity flowing nitrogen atmosphere (60 cm3/min). Approximately 50 mg of finely 
ground sample was heated in an open platinum crucible. For the thermogravimetric 
analyses 4000 mg/L of p-nitrophenol was used for the adsorption prior to TG analysis.  
 
X-ray diffraction 
 
The Neimeng montmorillonite and surfactant montmorillonite hybrids were 
pressed in stainless steel sample holders. X-ray diffraction (XRD) patterns were 
recorded using CuKα radiation (n = 1.5418Ǻ) on a Philips PANalytical X’ Pert PRO 
diffractometer operating at 40 kV and 40 mA with 0.25° divergence slit, 0.5° anti-
scattter slit, between 1.5 and 20° (2θ) at a step size of 0.0167°. For XRD at low angle 
section, it was between 1 and 5° (2θ) at a step size of 0.0167° with variable 
divergence slit and 0.125° antiscatter. For the XRD analyses 4000 mg/L of p-
nitrophenol was used for the adsorption on the organoclays prior to powder XRD 
analysis. 
 
Infrared emission spectroscopy 
 
Infrared emission spectroscopy [26-33]was carried out on a Nicolet 
spectrometer, which was modified by replacing the IR source with an emission cell. 
Some studies [34-36] have shown the description of the cell and principles of the 
emission experiment. In this study, approximately 0.2 mg of room temperature dried 
surfactant modified montmorillonites, surfactant and SWy-2-MMT were spread as 
thin layers on an about 6mm diameter platinum surface, which was held in an inert 
atmosphere within a nitrogen-purged cell during heating. In the normal course of 
events, there were three sets of spectra to be obtained: firstly the black body radiation 
over the chosen temperature range at the various temperatures, secondly the platinum 
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plate radiation was obtained at the same temperatures and thirdly the spectra from the 
platinum plate covered with the sample. In this study, normally only one set of black 
body and platinum radiation was required during the whole procedure.  
The emittance spectrum at a particular temperature was calculated by 
subtraction of the single beam spectrum of the platinum plate from that of the 
platinum + sample, and the result ratios to the single beam spectrum of an 
approximate blackbody (graphite). This spectral manipulation was carried out by 
using the software of the instrument after all the spectral data had been collected. The 
emission spectra were collected at intervals of 50°C over the range 100–1000 °C. 
Considering both precision and time efficiency, the spectra were acquired by co-
addition of 1024 scans for the temperature from 100 to 250 °C (about 10 min 34 sec 
each time), 128 scans for the temperature from 300 to 500 °C (about 1 min 19 sec) 
and 64 scans for the temperature from 550 to 1000 °C (about 40 sec), with a nominal 
resolution of 4 cm−1.  
 
Peakfit software package (AISN Software Inc.) was used to have band 
component analysis that enabled the type of fitting function to be selected and allows 
specific parameters to be fixed or varied accordingly. Gauss-Lorentz cross-product 
function with the minimum number of component bands was used for band fitting. 
The fitting was undertaken until reproducible results were obtained with squared 
correlations of r2 greater than 0.999. 
 
Results and Discussion 
 
Powder X-ray diffraction Analysis 
 
 Powder XRD patterns provide information on the expansion of clay with the 
intercalation of the surfactant molecules at specific loadings. Figure 1 shows the XRD 
patterns in the 1.5 to 20.0 degrees two theta range of the montmorillonite expanded 
with MTOAB at various loadings. Figure 2 displays the montmorillonite, 
montmorillonite with adsorbed p-nitrophenol, the 0.6, 1.0, and 1.5CEC organoclay 
with and without adsorbed p-nitrophenol. The Na-Mt has a d(001) spacing of 1.24 
nm. Upon intercalation with MTOAB at the 0.2 CEC level, the spacing occurs at 1.49 
nm. It is proposed that the surfactant molecule is laying flat between the siloxane 
layers at this CEC concentration.  As the surfactant loading is increased the d(001) 
spacing increases; at 0.6 CEC the spacing is 3.71 nm, at 1.0 CEC the expansion is 
3.78 nm although a second d(001) spacing is observed at 1.83 nm; at 1.5CEC multiple 
expansions are observed at 1.05, 1.32, 1.81, 2.61 and 4.96 nm are observed.  These 
expansions show there are a range of molecular arrangements of the surfactant 
molecules within the clay layers.  The 4.96 expansion is a paraffin type arrangement 
with surfactant molecules stacking on each other. The 2.61 nm layer is attributed to a 
bilayer of surfactant molecules within the clay interlayer. A similar scenario is found 
for the 1.7 CEC with expansions at 1.05, 1.31, 1.77, 2.61 and 5.20 nm. In a word, with 
an increase of the loaded surfactant, the values of d001 increased gradually as follows: 
1.24 nm (Na-Mt) →1.49 nm (0.2CEC) →3.71 nm (0.6CEC) → 3.78 nm (1.0CEC) 
→3.91 nm (1.2CEC) → 4.96 nm (1.5CEC) → 5.20 nm (1.7CEC). These multiple 
d(001) expansions are attributed to the different molecular arrangements of the 
surfactant molecules within the clay interlayer.  
 
The basal spacing for p-nitrophenol adsorbed on Na-Mt is 1.49 nm compared 
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with 1.24 nm for the Na-Mt (Figure 1). These numbers support the proposition that 
the p-nitrophenol has penetrated the clay interlayers and expanded the clay by an 
additional 0.25 nm which is exactly the size of the p-nitrophenol molecule. It is noted 
that MTOA+ cation at 0.2 CEC has the same expansion as paranitrophenol and 
montmorillonite. It is considered that this is coincidental.  The basal spacing for the 
0.6CEC organoclay with adsorbed p-nitrophenol is 1.61 and 1.27 nm.  The large 
expansion at 3.71 nm for the 0.6 CEC organoclay is not observed.  The exact same 
observation is found for the 1.0 CEC and 1.5CEC organoclay with adsorbed p-
nitrophenol. A large expansion is observed for the 1.0 CEC organoclay at 3.78 nm. 
For the 1.0 CEC organoclay with adsorbed p-nitrophenol the d(001) expansions are 
observed at 1.86, 1.33 and 1.00 nm and the 1.5 CEC organoclay with adsorbed p-
nitrophenol expansions are observed at 2.55, 1.82, 1.35 and 1.08 nm. An interesting 
question is that all the large peaks of organoclays disappear when the organoclays 
adsorbed p-nitrophenol.  These observations can be supported by our previous work 
[37] and suggest that the p-nitrophenol molecules are adsorbed in the interlayer of the 
Na-Mt and organoclays and replace some of the surfactant molecular and affect the 
arrangement of the surfactant molecules in the clay layers.   
 
 
Thermogravimetric Analysis 
 
 The differential thermogravimetric analysis of the montmorillonite, the p-
nitrophenol, the MTOAB, the organoclays and the 1.5 CEC organoclay with adsorbed 
p-nitrophenol are shown in Figure 3.   The p-nitrophenol sublimes at 131 °C.  The 
surfactant MTOAB thermally decomposes at 163, 274 and 323 °C. The 
montmorillonite shows two decomposition steps at 485 and 617 °C which are 
attributed to the dehydroxylation of end OH and inner OH units. The 0.6 CEC 
organoclay shows decomposition steps at 306, 345 and 585 °C. The first two steps are 
attributed to the loss of surfactant from within the interlayer. The fact that these 
temperatures are higher than that for the surfactant show the surfactant molecules are 
bonded to the montmorillonite siloxane layer. This proposal is supported by the 
decrease in the dehydroxylation temperature from 617 to 585 °C. It is also noted that 
the thermal decomposition of the end groups are no longer observed. This indicates 
that chemical bonding of the surfactant molecules to the OH units at the end of the 
clay layers occurs.  For the 1.0CEC organoclay decomposition steps at 294, 342, 409 
and 587 °C are observed. It is noted that the thermal decomposition steps of the 
surfactant shift from 163, 274 and 323 °C to 294 and 342 °C.   
 
 At the 1.5 CEC organoclay thermal decomposition steps of 182, 284, 302, 342, 
415 and 593 °C are found. The first three decomposition steps are assigned to the loss 
of MTOAB which is adsorbed on the external surfaces of the organoclay. The 
decomposition steps at 342 and 415 °C are attributed to the intercalated organoclay 
within the montmorillonite layers. The decomposition step at 593 °C is due to the 
dehydroxylation of the organoclay.  Upon adsorption of the p-nitrophenol on the 1.5 
CEC organoclay, decomposition steps are observed at 156, 191, 248, 288, 342, 
394and 450 °C. The first decomposition step may be attributed to the sublimation of 
the p-nitrophenol. The next three decomposition steps are ascribed to the loss of the 
surfactant adsorbed on the external surfaces of the organoclay. The decomposition 
steps at 342 and 394 °C are assigned to the loss of the intercalated surfactant whereas 
the 450 °C is assigned to the dehydroxylation of the clay.  It is noted that no 
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dehydroxylation temperature of 593 °C is observed. It is concluded that the bonding 
of the p-nitrophenol to the montmorillonite lowers this dehydroxylation temperature. 
Thus it is proposed that the p-nitrophenol penetrates the siloxane layer of the clay and 
bonds through the ditrigonal space of the siloxane hexagonal units to the inner OH 
units.   
 
Infrared spectroscopy 
 
 The infrared spectra of Na-Mt, organoclays with and without p-nitrophenol in 
the 3100 to 3800 cm-1 region are shown in Figure 4.  The infrared spectrum of 
montmorillonite is characterised by three bands at 3235, 3394 and 3612 cm-1 assigned 
to the inner OH units within the montmorillonite structure and to water of hydration 
of the sodium cation. A similar analysis is observed for the infrared spectrum of the 
0.6CEC organoclay.  The intensity of the two hydration water bands at 3235 and 3394 
cm-1 confirms the change in surface properties of the organoclay from hydrophilic to 
hydrophobic. For the 1.0 CEC organoclay an additional band is observed at 3652 cm-1.  
The infrared spectrum of MTOAB shows no bands in this region, therefore the band 
in this position has to be assigned to a clay band. The most likely is that due to OH 
unit vibrations. It is proposed that the MTOAB molecule penetrates the ditrigonal 
cavity of the siloxane layer. This cavity is 2.32 Å wide and is significantly larger than 
the size of the trialkyl–N+ unit. This analysis applies to all CEC concentrations above 
1.0 CEC organoclay.  
 
 The infrared spectrum of p-nitrophenol is characterised by two bands at 3335 
and 3421 cm-1.   These bands are assigned to OH stretching vibrations of the phenol 
unit. The first band is assigned to hydrogen bonded OH units and the second to non-
hydrogen bonded phenol OH units. The intensity of this second band is less than that 
of the first band. Two types of hydrogen bonding are possible (a) hydrogen bonding of 
p-nitrophenol with itself and (b) hydrogen bonding of the p-nitrophenol with water. 
This latter bonding is proposed as a mechanism for the adsorption of p-nitrophenol on 
the Na-Mt and on the organoclay with low CEC concentrations. The spectral profile 
of the montmorillonite with adsorbed p-nitrophenol shows differences to that of the 
montmorillonite due to the adsorbed p-nitrophenol. Yet no bands are observed at 3421 
and 3335 cm-1 for the 1.5CEC organoclay.  This observation suggests that there is an 
interaction between the organoclay and the p-nitrophenol. 
 
The CH stretching region of the organoclays is shown in Figure 5. Previous 
studies by the authors  proposed that both the frequencies of antisymmetric and 
symmetric CH2 stretching modes of amine chains are extremely sensitive to the 
conformational changes of the chains and their wavenumbers will decrease as the 
increase of ordered conformers within clay interlayers, and only when the chains are 
highly ordered (all-trans conformation), the narrow absorption bands appear around 
2916 (νas(CH2)) and 2848 cm-1 (νs (CH2)) in the infrared spectrum [38].   However, 
our present study indicates that only the wavenumber of antisymmetric CH2 stretching 
mode is sensitive to the conformational change of amines within the clay interlayer. 
This is similar to our previous study on HDTMA+ in organo-clay [18, 39, 40] and 
provides another evidence for our previous proposal that the antisymmetric CH2 
stretching mode is more sensitive to the conformational ordering compared with the 
symmetric stretching mode does. It is interesting that the XRD patterns show 
considerable change with surfactant loading and consequential surfactant molecular 
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arrangement in the interlayer; yet the bands in the infrared spectra show only small 
changes. The difference can be attributed to the XRD experiment measures the d(001) 
spacing where as infrared spectroscopy measures the molecular structure.  
 
The infrared spectra of Na-Mt, organoclays with and without p-nitrophenol in the 
1200 to 1800 cm-1 region are shown in Figure 6.  It is important to note the decrease 
in intensity of the band at 1629 cm-1 assigned to the water bending mode as the 
surfactant loading is increased. It is interesting that some intensity remains in this 
band even at the 1.7 CEC loading. The question arises as to whether or not all of the 
sodium ions in the montmorillonite were ion exchanged with the MTOAB surfactant 
ions. The conclusion is made that the ion exchange was not perfect and some sodium 
ions were retained.  Another possibility is that during the washing of the organoclay 
with dilute hydrochloric acid to remove carbonate anions some hydrogen ions replace 
the sodium ions in the organoclay.  However, after the exchange with the organocation 
both Na and protons are displaced and it is very unlikely that using 1.7 CEC loading 
some Na ions are retained. The band at 1468 and 1375 cm-1 are assigned to HCH 
bending vibrations.  This band shifts to lower wavenumber for the organoclays.   
 
The infrared spectra of Na-Mt, organoclays with and without p-nitrophenol are 
shown in Figure 7. The IR spectrum of MTOAB shows bands at 875 and 716 cm-1 
which are retained in the spectra of the organoclays.  The SiO stretching vibration at 
972 cm-1 for the Na-Mt shifts to 995 cm-1 for the 1.7 CEC organoclay.  The shift to 
995 cm-1 can be observed for 0.2 CEC and higher CEC values.  This shift provides 
evidence for an interaction between the surfactant and the siloxane layer as no bands 
from the surfactant occur in this region. This proposal is also supported by the 
observation of increased intensity of the band at 620 cm-1 with increasing surfactant 
concentration. Further the SiO in plane stretching vibration at 1103 cm-1 for Na 
montmorillonite shifts to 1072 cm-1 for the 1.7 CEC organoclay.  This shift is 
observed for 1.0 CEC and above. An increased intensity of this band is observed as 
the surfactant concentration is increased.  
 
 In this spectral region prominent bands are observed at  850 and 754 cm-1.  
These bands are observed in the infrared spectrum of the 1.5 CEC with adsorbed p-
nitrophenol at 1165, 1105 (shoulder), 849 and 750 cm-1.  Similar observations as for 
the organoclays (above) and the organoclays with adsorbed p-nitrophenol are 
observed.   The band at 908 cm-1 for the organoclays is attributed to the deformation 
mode of the inner OH units and does not seem to be affected either by the surfactant 
or p-nitrophenol molecules.  
 
Conclusions: 
 
 Water purification is of extreme importance in many parts of the world, 
including Australia and China. Many of the world’s water ways and water sources are 
polluted or contaminated with a range of chemicals including pesticides and 
herbicides. In this work, p-nitrophenol was used as a test chemical to design and test 
an organoclay for the removal of p-nitrophenol from an aqueous solution. In this work 
organoclays with the surfactant molecule MTOAB were prepared. This work has 
shown that the p-nitrophenol intercalates the organoclay and displaces the surfactant 
molecules or rearranges the structure of the surfactant molecule within the organoclay 
interlayer. Future work will test the use of this organoclay for the removal of 
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herbicides and pesticides from water. Further work will need to test the efficiency of 
the p-nitrophenol adsorption.  
 
 Synthesis of the organoclay with MTOAB results in multiple expansions of 
the montmorillonite clay from 1.24 nm to a maximum of 4.96 nm as is evidenced by 
the XRD patterns.  These expansions depend upon the arrangement of the surfactant 
molecules with the montmorillonite interlayer. Adsorption of p-nitrophenol affects 
this arrangement and results in different spacings.  Thermoanalytical studies show that 
the thermal decomposition of the surfactant molecules occurs at a higher temperature. 
Adsorption of the p-nitrophenol results in a significant decrease in the 
dehydroxylation temperature of the montmorillonite. It is proposed that the p-
nitrophenol is bonding to the hydroxyl units of the montmorillonite. This affects the 
molecular arrangements of the surfactant molecules in the clay interlayer. 
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